Juice from three different onion varieties was mixed with sweet whey and used as growth 18 substrate for four lactic acid bacteria strains, isolated from agri-food by-products, to 19 evaluate the possibility to exploit such substrates, known to be reach in bioactive 20 molecules, as fermented drinks for human consumption. • Onion juice and whey were used for growth of Lactobacillus and Streptococcus 35 strains 36
macedonicus. On the contrary S. thermophilus did not grow in the mixture while S. 23 macedonicus did not develop in pure onion juice. After 48 h the overall sugar content 24 decreased significantly. In particular, glucose was not utilized while inulin was completely 25 preserved. Moreover, MS/MS analysis revealed the presence of the rare trisaccharide 26 lactosucrose. 27
In the light of these considerations, the formulation obtained may be considered a potential 28 synbiotic product with pleasant taste and beneficial effects for consumers and also an eco-29 friendly solution to convert an agro-food by-product into value added products. 30 Fermentation media were prepared by mixing sweet whey with onion juice at 1:1 ratio. Regarding pH (Table 1) , all onion juices showed similar, slightly acidic values. The 195 juices were also rich in sugars but with significantly different (P ≤ 0.001) contents (Table  196   1 juices. This could be ascribed to their inability to use the sugars present, but it has also been 211 reported the possible toxic activity of onion for some species of Streptococcus (Kim, 1997). 212
Both lactobacilli grew very well in all the juices increasing their population to more than 213 10 8 cfu/ml (Table 2) . L. fabifermentans did not show significant differences among the 214 different onion types while L. plantarum grew better in WO and YO. 215
Both lactobacilli lowered the pH between 3.41 and 3.72 (Table 2) , a value that very 216 well hampers the growth of bacterial pathogens. 217
Regarding total sugars, their content significantly decreased (P ≤ 0.001) after 218 bacterial growth in all onion juices (Table 2 ). In details, lactobacilli consumed the sugars in 219 a similar manner by significantly decreasing (P ≤ 0.001) the content of monosaccharides 220 whose averaged percentage reductions of fructose, galactose and glucose were higher in 221 YO (25%, 39%, 39%, respectively) compared with RO (18%, 19%, 28%, respectively) and 222 WO (26%, 27%, 21%, respectively) ( Table 2 ). This could be the consequence of the more 223 efficient growth of L. plantarum in YO with respect to RO and WO (almost 3X higher cell 224 counts). 225
Instead, lactobacilli did not use sucrose, since its values remained always unchanged 226 (Table 2) . Even if L. plantarum is generally able to use this sugar (Gänzle & Follador, 227 2012), in the tested onion juices lactobacilli preferred to use other sugars. Hence they did 228 not need to activate sucrose usage because of the good availability of its constituting 229 monosaccharides, glucose and fructose. 230
Interestingly, inulin was completely preserved in all fermented onion juices (Table  231 2). 232 233
Co-fermentation of onion juice and whey 234 235
Sweet whey was mixed with onion juices and used as growth substrate for LAB. Among 236 those tested, YO juice was chosen for this study, since it contained the highest amounts of 237 inulin and allowed the growth of the highest number of bacteria (Table 1, 2) . 238
Whey provides mainly lactose, organic nitrogen from whey proteins and mineral salts. (Table 3) , evidently taking advantage from lactose as energy source and 245 probably also from organic nitrogen. Instead, S. thermophilus did not grow in the mixture. 246
Considered that this bacterium was isolated from dairy environment, the absence of growth 247 should evidently be attributed to some substances present in the onion juice that resulted 248 were toxic for the strain. 249
Lactobacilli grew on the mixture (Table 3) at levels comparable with those obtained 250 in the sole onion juice ( Table 2 ). All three strains lowered the pH to 3.9 (Table 3) , a value 251 on average only slightly higher than that reached in onion juices alone (Table 2 ), but still 252 effective for pathogens control. 253
Regarding sugars, their overall content decreased significantly (P ≤ 0.01), but not 254 dramatically, after fermentation (Table 3 ). In details, fructose was consumed mainly by L. 255 plantarum (36%) and only weakly by S. macedonicus (16%). In RO juice alone, lactobacilli 256 consumed the same amount of fructose (Table 2 ) while in the mixture L. fabifermentans did 257 not use it at all (Table 3) . 258
It is well know that the species used here are able to utilize lactose. Galactose 259 content significantly increased (P ≤ 0.001) after fermentation, evidently as consequence of 260 lactose degradation inside the cells (Table 3) while the presence of galactose in the medium 261
indicates that the strains are not able to metabolize this monosaccharide. 262
Interestingly, glucose, that was used during growth in onion juices (Table 2) , was 263 not utilized by any of the bacteria in the mixture (Table 3) , since it was found completely in 264 the liquid after fermentation. 265
Also inulin was completely preserved (Table 3) . This in an important result since, in 266 view of a functional food preparation, it is very important that this prebiotic material could 267 remain intact. 268 Sucrose was not used by bacteria in sole juice fermentation (Table 2 ). In the mixture 269 this molecule has been eluted at the same retention time (9.02 min) of lactose, as confirmed 270 by HPLC and MS/MS analysis (data not shown), therefore it was not possible to establish 271 the level of utilization of these two sugars. In this regard, the percentage reduction of the 272 chromatographic peak containing lactose and sucrose was around 16% for all the strains 273 (Table 3) The enzymatic reaction that produces lactosucrose generates also a glucose 285 molecule from the cleavage of sucrose. Our data show that glucose levels did not decrease 286 at all in the mixtures after fermentation (Table 3) , while in the sole juice glucose was used 287 by the bacteria (Table 2) . This different behaviour could be determined by the generation of 288 internal glucose from production of lactosucrose that blocks that need to import external 289 glucose. 290
The new synbiotic combination, which could be designed for human consumption as soft 291 drink, could not only have beneficial effects on human health by combining potential 292 probiotics and prebiotics, but could also meet consumer acceptability. In this regard, no 293 off-flavors and off-odors have been detected (data not shown) in the co-fermented product 294 which was also tasted in our laboratory selecting odor and flavor as the most important 295 quality characteristics. 296 297
Conclusions 298 299
In this study we demonstrate that onion juice and whey together allow abundant growth of 300 L. fabifermentans, L. plantarum and S. macedonicus with interesting effects on the mixture 301 composition. Further studies will be necessary to study the probiotic potential of the strains 302 used but, even in case of negative results, they could anyway be used as starters and the 303 addition of a probiotic strain could be done separately. 304
First of all, The prebiotic inulin was not used by bacteria and this is an important result in 305 view of a functional food preparation. In addition, lactosucrose, another indigestible 306 carbohydrate with good prebiotic performance was produced by these bacteria. In brief, 307 there are all the ingredients for a cheap and eco-friendly functional food based on agro-food 308 by-products. However, a deeper sensory evaluation will be performed to correlate the 309 organoleptic attributes with technological analysis, and consumer acceptability of this novel 310 synbiotic product. 311 
